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trating than the a particles, and so would escape detec¬ 
tion in absorption experiments in gases at ordinary 
pressures. 

II this new radiation consists of the “ rest-atom ” of 
radium G, we have in the property that it is projected 
with high velocity and in that that it carries an electrical 
charge the means of ascertaining its mass. Such a know¬ 
ledge would give very definite information regarding the 
constitution of the final radio-active product of radium, 
and would also, in addition, furnish a means of checking 
the accuracy of the now highly authenticated theory by 
which the various known radio-active products of radium 
are connected and related. 

The existence of this radiation, moreover, would afford 
a means of ascertaining whether the rest-atoms of 
radium G are the final products of radium or not, for it 
should be possible to obtain, through bombardment, a 
coating of these rest-atoms on a body such as the plate B 
in the experiments described above. This plate could then 
be placed in a high vacuum and investigated for the 
acquisition of an electrical charge. Any gain of charge 
which it might experience could be taken as proof of the 
formation of a new product, while the absence of such 
gain might be taken as evidence that radio-activity had 
ceased, and that in the rest-atoms of radium G stability 
is finally attained. J. C. McLennan. 

Physical Laboratory, University of Toronto, June 7. 


Molecular Effusion and Transpiration. 

One of Maxwell’s most famous laws is his law on the 
distribution of velocities, to the effect that all the mole¬ 
cules of a gas do not possess the same velocity, but that 
the various velocities of the molecules group about a 
certain average velocity ft in a definite way, which was 
further theoretically determined by Maxwell. This law 
has not, however, hitherto been directly proved by experi¬ 
ment, and I am therefore of opinion that the following 
may be of some interest to English readers. 

The flow of the gases through very small apertures and 
narrow tubes at ordinary pressure has been investigated 
by Graham and several others, and definite laws (the 
effusion and transpiration laws) which apply to these flows 
have been found. My experiments now show that if the 
area of the aperture or the transverse section of the tube 
are small compared with the mean free path of the gas 
molecules, then other and still simpler laws than those 
mentioned will apply, and that these laws are easily 
deducible from the kinetic gas theory and Maxwell’s law 
on the distribution of velocities. Detailed reports of the 
experiments have been published in Annalen der Physik, 
Bd. xxviii., 1909. 

Molecular Effusion ,—According to the kinetic gas 
theory, the number of molecular shocks which the surface- 
area A of a wall receives during a second from the 
surrounding gas is equal to ijNAft, where N is the number 
of gas’molecules in each cm. 3 and ft the average velocity 
of the molecules. If there is an aperture in the wall 
having an area A, and if N' and N ;/ are the numbers of 
gas molecules at each side of the wall respectively, 
JAft(N' —N") more molecules are flying through the aper¬ 
ture in the course of a second in one direction than in the 
other. Taking m as the weight of each molecule, the 
weight G of the gas flowing through the aperture during 
a second would be 


G = iAft(N 'm - N"w) = J Aft(p' - p") = l Aft Pl (/ 


where p is specific gravity, p the pressure, and p t the 
specific gravity of the gas at the pressure 1 dyn./cm. a and 
the temperature of the gas. According to Maxwell’s law 

on the distribution of velocities we get ft = a / 

V TT Pl 


which gives 





The fact that the weight found is proportional to, and 
therefore the volume of gas is inversely proportional to, 
the square root of the specific gravity has been shown 
by numbers of experiments made by different investigators; 


A; 


but the factor and the proportionality with the differ- 
v 27 r 

ence of pressure have not been experimentally found 
earlier, and they prove to apply only when the mean free 
path is more than about ten times greater than the 
diameter of the aperture. By a series of experiments with 
an aperture in a plate of platinum 0-0025 mrn - thick, where 
the area of the aperture was found by means of the micro¬ 
scope to measure 5-21+0-16 millionth square centimetres, 

I found the following proportions between the observed 
quantity and that computed from the above formula :— 
hydrogen, 0-978; oxygen, 0-981. 

From another aperture, the area of which was 
66-ox iO“ 6 cm. 2 , the following proportions were found:— 
hydrogen, 1-021 ; oxygen, 1-038. 

Consequently, the difference between theory and observa¬ 
tion is 2 per cent, to 3 per cent., which is considered 
chiefly to be due to the difficulty of making an exact 
determination of the areas of such small apertures. If 
by computation of the above formula no attention had 
been paid to Maxwell’s law on the distribution of veloci¬ 
ties, and all the molecules had been considered as moving 

with the same velocity, we should have taken ft = 

the effect of which would be that the computed values 
would become 8-6 per cent, greater than if we used Max¬ 
well’s formula, and the difference between theory and 
experiment caused thereby could scarcely be explained as 
an error of observation. 

By the above-mentioned experiments the pressures were 
measured with McLeod’s manometer, and the determina¬ 
tions of pressures checked each other, so that there was 
not found the slightest indication of a real or apparent 
deviation from the laws of Mariotte and Gay-Lussac. 

The formula may be used for determination of p'-p 1 * 
if A and G are measured for some gas. In this way I 
have made an experimental determination of the maximum 
pressure of mercury vapour at o°, and a series of higher 
temperatures up to 46°. By o° the pressure was found 
to be 0-0001846 mm. mercury pressure. From the 
measurements I have obtained the following formula for 
the vapour-pressure p , given in mm-, mercury (common 
system of logarithms, T = absolute temperature): — 
log p = 10-5724 —o-847log T—3343-a6/T. 

The mean deviation between the values derived from 
this formula and those observed amounts to 0-003 °£ the 
value, which shows that the constants of the formula are 
determined with fairly great accuracy. It is seen that if 
the formula is used for extrapolation to pressures at higher 
temperatures we get now positive, now negative devia¬ 
tions from the determinations made by other experi¬ 
mentalists, so that the formula in reality expresses the 
vapour-pressure of the mercury up to 88o°, which is the 
highest temperature at which Cailletet and his collabora¬ 
tors have determined the pressure. At this temperature he 
found a pressure of 162 atmospheres where my formula 
gives 158 atmospheres. 

Molecular Transpiration .—A series of experiments I 
have made with relation to the flow of gases through 
narrow tubes at low pressures has also confirmed Max¬ 
well’s law on the distribution of velocities. The calcula¬ 
tion of the quantity of gas flowing through the tubes can¬ 
not, however, be made without using a new theory for 
the reflection of gas molecules from a wall. My theory 
for this reflection of gas molecules, which has been fully 
confirmed by the experiments, is as follows :— 

A gas molecule meeting a wall is reflected in a direc¬ 
tion which is absolutely independent of the direction in 
which it is moving against the wall, and a great number 
of molecules, meeting a wall, are reflected in every direc¬ 
tion according to Lambert’s law (the cos. law on the 
emission of light from a hot body). Consequently, the 
gas molecules may be considered as having strayed into 
the wall or as having been absorbed by it, to be emitted 
afterwards therefrom, provided that the gas and the wall 
have the same temperature. The calculation of the 
quantity of gas streaming through the tube is quite simple, 
though, however, too extensive to be given here. For the 
weight of gas flowing through the tube in each second 
we get the following expression :— 


NO. 2069, VOL. 80] 


© 1909 Nature Publishing Group 






492 


NATURE 


[June 24, 1909 


G — ^v'zjr.R 3 ijp ^ jj^ -> 

where R is the radius of the tube, L its length, and p' 
and p" the pressures at the ends. By a series of experi¬ 
ments with a tube, the length of which was 2-00 cm., 
the radius 0.00333 cm., the proportions between the 
measured values and those calculated from this formula 
were found to be, for hydrogen, 1.04; oxygen, i-oi ; 
carbonic acid, i-oi. 

The formula will, however, only apply correctly when 
the radius of the tube is small compared with the mean 

*' + p" 

free path. With increasing pressure — (decreasing 

mean free path), the gas flow of a given value for p' — p" 
decreases to a minimum, and afterwards increases in order 
to approach the value which it should have according to 
Poiseuille’s well-known law. That this must be the case 
may easily be inferred from the kinetic gas theory in con¬ 
nection with the above-mentioned theory as to the inter¬ 
action between gas molecules and a wall. 

Martin Knudsen. 

The University, Copenhagen. 


The Germ-layer Theory. 

The germ-layer theory as stated on p. 428 of Nature 
(June 10) by Mr. Stanley Gardiner appears in a rather 
extreme form. Pt obably all will agree that, not only the 
germ-layer them/, but every theory of development, pre¬ 
supposes a certain definiteness in structure of germ cells. 
But if that much is granted, it is not necessary to sup¬ 
pose that the differentiation of protoplasm has proceeded 
at so early a stage to such an extent as to preclude abso¬ 
lutely the possibility of protoplasm, which has been so 
far misplaced by experiment as to find itself in a new 
environment, responding to the influences of the new 
environment and so developing along a path it would 
not have followed had the experiment not been performed. 

It seems difficult to comprehend what reason can be 
assigned for regarding those organs of the early phase of 
the life-cycle which we call germinal layers as being less 
capable of showing homology than the organs of later 
phases which we speak of as adult. 

Surely the biological principles—whatever they may be 
—must apply equally throughout all periods of the life- 
cycle. 

The argument from regeneration is hardly conclusive, 
because one essential of regeneration and budding seems to 
be the regression of differentiated protoplasm into un¬ 
differentiated protoplasm (or, at any rate, the origin in 
some way or other of an undifferentiated cell mass), that 
is to say, a regression to a state equivalent to a segment¬ 
ing egg, namely, a state really prior to that of germ- 
layer formation. 

Finally, it must be remembered that visible differences 
and resembiances are much less obvious in these early 
phases of the life-cycle than later, and that the difficulty 
of observation, owing to the minute size of the objects, is 
so great that errors of observation, which delay correct 
interpretations, are far more frequent than is the case 
with work upon the grosser phases of the life-cycle. 

It cannot be conceded that the “ anomalies in the forma¬ 
tion of the layers in vertebrates ” which are “ patent to 
every student ” are all capable of substantiation. 

Grantchester, June 13. Ric, Assheton. 


The Pollination of the Primrose. 

It appears that in a previous note on this subject 
(Nature, June 17, p. 457) clearness may have been sacri¬ 
ficed to brevity. It is not meant that humming-bird and 
bee hawk-moths can be regarded as usual or frequent 
agents in the pollination of the primrose. They are men¬ 
tioned in proof that some moths do, now and then, visit 
the flowers, and may presumably aid in their cross- 
pollination. There can be little doubt, however, that the 
humble-bee is herein the chief agent, and in this district, 
I should say, more particularly Bombus hortdrum. 

W. E. Hart. 

Kilderry, Londonderry, June 19, 
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FROST AND ICE CRYSTALS . 1 
TAURING the past quarter of a century Mr. Wilson 
J. Bentley has devoted himself with a patient 
industry deserving of all praise to securing permanent 
records of the multitudinous forms assumed by water 
in its crystallised condition. The work has been 
executed at his home, a farmhouse, situated sixteen 
miies east-north-east of Burlington, Vermont, near 
the Canadian border, at an altitude of 1500 feet above 
sea-level, where the low temperatures experienced 
every winter are very favourable for the study of these 
forms. Seven years ago we directed attention 
(Nature, 1902, vol. lxv,, pp. 264-6) to his beautiful 
series of photomicrographs of snow crystals; a selec¬ 
tion of them was reproduced in the U.S. Monthly 
Weather Review, and was accompanied by a paper 
in which Mr. Bentley described the methods used for 
obtaining the photographs, and the facts that could 
be established from a study of the almost bewildering 
variety of the forms represented. At the same time, 
but mainly during the subsequent years, Mr. Bentley 
has been further engaged in preparing a companion 
and complementary series of frost and ice crystals, 
i.e. the forms assumed by water that has crystallise 
immediately upon the surface of the earth. A large 
number of different types were reproduced in 
successive numbers of the Monthly Weather Revi w 
from August to December, 1907, and Mr. Bentley 
again contributes a description of the apparatus used, 
and full details with regard to the circumstances under 
which the several pictures were obtained. 

Nearly the whole of the present series represents 
crystals that were formed during the winters of 1904-5, 
1905-6, and 1906-7. For several reasons fewer difficul¬ 
ties were experienced in obtaining photographs of 
these crystals than was the case in the investigation of 
snow crystals; they could invariably be photographed 
in the positions in which they were found, and sir 
owing to the greater duration of growth, their siz 
usually much larger, smaller magnifications were 
quired, and, indeed, in pictures of groups of cryst is 
actual reductions were called for. The apparatus 
used was consequently simpler in character. For ,ne 
majority of the photographs, in which the magnifica¬ 
tion did not exceed eight diameters, an ordinary por¬ 
trait-lens was used in a camera which was fitted with 
a home-made extension arrangement, and the crystals 
were illuminated obliquely. For higher magnifications 
a microscope-objective, of f- or J-inch focal length, was 
employed, and the illumination was direct. The 
second method, which was required for the minute 
flakes deposited on windows, entailed more troyble in 
manipulation, because, while the camera was indoors, 
the diaphragm for cutting off all but direct light was 
on the other side of the window, and had, of course, 
to be adjusted for each position of the camera. 

The series is divided into three principal groups— 
hoar-frost, window-crystallisation, and ice—a few sec¬ 
tions dealing with hail being appended, and for con¬ 
venience each group is split up into divisions and 
subdivisions, according to the shape or the grouping 
of the crystals. The hoar-frost group is divided into 
two main divisions—tabular and columnar—but the 
distinction is apparently one of degree only, and can¬ 
not be pressed. We have selected as an illustration 
of this group a beautiful example of the “ open 
branch or tree-like ” structure (Fig. 1). It will be 
noticed that the stems broaden out into well-developed 
plates aj: their terminations. The st,udy of the crystals 
deposited on windows obviously admits of greater ease 
of observation, and, since the conditions of the atmo- 

1 ‘‘Studies of Frost and Ice Crystals.” By Wilson J. Bentley. Pp. 22; 
with 273 figures on 31 plates. (Reprinted from the Monthly Weather 
Review, 1907. J 
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